Overview
The study of kaon decays has had a long and rich history at the AGS, including a Nobel Prize for the discovery of CP violation in the K L decay to two pions 1 in 1963 and the observation of the suppression of Flavor Changing Neutral Currents
2 The study of rare kaon decays had a renaissance in the early 1980's that has continued up to the present. The third generation of these experiments is currently running.
This renaissance was motivated primarily by the realization that with the large numbers of kaons available at the AGS and with modern detectors and data acquisition apparatus, a tremendous leap forward in sensitivity was possible. At the same time it was realized that at such sensitivities the reach in mass scale for possible new interactions of these experiments is quite large indeed. 
For g X ∼ g the mass scale reached is far beyond that of any planned accelerator.
Likewise, for a purely vector interaction, the companion decay K + → π + µ + e − can probe similarly high mass scales. Lepton flavor violation is not forbidden by an underlying gauge symmetry, so while it is not allowed in the Standard Model (SM), further experimental verification becomes even more compelling. Several proposed extensions to the SM do allow lepton flavor violation.
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The huge suppression of the decay rates of FCNC by the GIM mechanism 11 leaves a large 'window of opportunity' for discovery of non-SM processes. In addition to the searches for physics explicitly beyond the standard model, significant increases in sensitivity for SM allowed decays can close the window on non-SM processes, such as K
• L → e + e − or K + → π + νν.
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Measurements of the branching ratios for the SM processes
− provide means to determine fundamental SM parameters, such as the CKM matrix element |V td | 21 and ρ. 22 A proposed experiment to measure
• νν would be able to determine the SM parameter η. 22 From the kaon system alone a complete determination of the 'unitarity triangle' can be made (see figure 2 ). The interpretation of K Finally, several 'modestly rare' decays have been seen, with branching ratios from 10 −5 -10 −8 . These are generally long-distance dominated and are difficult to calculate. Many of these serve as a testing ground for low-energy effective-K + → µ + νe + e − , and K + → e + νe + e − . Some non-rare decays, such as K + → π • e + ν e , are being pursued to more accurately determine the CKM matrix element |V us |.
AGS
The AGS has made continued and significant increases in the number of protons accelerated in the machine and available for experiments (see Fig. 3 ). A very A large number of other improvements to the operation of the AGS have been achieved. The Duty Factor (DF) has increased both macro-and micro-scopically.
The macro DF has been increased from 30% to 44% by increasing the spill length and reducing the inter-spill period. There are plans to increase this even further.
Additional work on reducing ripple in the spill has increased the effective length of the spill, even at the longer spill length. 
The experiment E777 set limits on the decay 
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In the mid-to-late 1980's a second round of experiments was started. Followup experiments to both E780 and E777 were commissioned, with modest modifications to the apparatus and triggers, to focus on decays with electrons in the final state. E845 continued E780's work on K 
The experiment was optimized for many-body decays with electrons and photons. The spectrometer was shortened by moving the Cherenkov detector inside the magnet and the size of the first drift chamber was expanded.
New triggers were created. The kaon production angle was changed from 0 • to 2
• to reduce rates and increase acceptance for tracks near the neutral beam. E845
took data during 1989. Results from E780 and E845 are summarized in Table 1. E851 improved the E777 measurement of K + → π + e + e − and measured the π • → e + e − branching ratio. 46 The Cherenkov detector was optimized for electron mode Measurement Comments Table 3 . The results from the first phase of E787 are given in Table 4 . [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] The upgraded E787 experiment and detector will be discussed in more detail in section 4.1. Two mode Measurement Comments events with a P π above the K π2 peak (πγγ1) and one accepting P π below the K π2 peak (πγγ2). There were 31 events observed in the πγγ2 sample and none observed in the πγγ1 sample. The model independent branching ratio is
The fit to the branching ratio and spectrum favors the CHPT parameter ofĉ = 1.8 ± 0.6 with the so called 'unitarity corrections'. 71, 72 The total branching ratio (assumingĉ=1.8) is
In the πγγ1 region a 90%CL limit of
was set.
E787 has also reported the first observation of the decay
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Two separate analyses of this decay were made. In the first all three tracks were fully reconstructed. In the second the minimum requirement for the third track was that its energy was measured. In the first analysis a total of 10.6±4.7 events were observed and in the second analysis 196.0±16.7 events were observed (see figure 5 ). These two analyses were combined to give a branching ratio for this decay of:
This branching ratio implies a value for the CHPT parameter
This value is larger than that derived from K + → π + e + e − : w + = 0.89
Current Kaon Experiments
There are three major rare kaon decay experiments running or analyzing data currently. All three experiments obtained sizable physics data sets from the 1995 and 1996 runs. Due to the short length of the 1997 run (funding for only 8 weeks), E871 decided to concentrate their efforts on analysis of existing data and, assuming they do not find any K
• L → µe events, will probably not take any more data. The E865 experiment chose to use the short 1997 run to collect some special data that is not compatible with their
experiment, after some additional efficiency improvements, was able to collect additional K + → π + νν data (∼60% of the sensitivity of the 1996 run). Both E865 and E787 are planning to collect a significant data sample from the 1998-99 running period.
E787
The E787 experiment was first proposed in 1983 and took significant physics data from 1989-91. The experiment underwent a major upgrade from 1992-94
(keeping the number E787). A drawing of the new detector is shown in figure 6 .
The detector is located in the C4 beam line at the AGS. The C4 beam line, or Low MeV/c it can transmit up to 6 × 10 6 K + with a K/π ratio of 3:1 for 10 13 protons.
The K + are stopped in a scintillating fiber target in the center of the detector.
The detector itself covers close to 4π solid angle and is in a 10 kG magnetic field.
The decay K + → π + νν is interesting because of its sensitivity to the CKM matrix element |V td |, and because the theoretical uncertainty in calculating the branching ratio is very small 12,75-81 : only 7%. 23 From current values of SM parameters the branching ratio is expected to be B(
The observation of K + → π + νν is complicated by two significant difficulties:
1) the small branching ratio ∼ 10 −10 and 2) the poor experimental signature.
Since there are no major K + decay modes with a π + with momentum above the and can also be rejected based on kinematics (range, momentum and energy).
The other significant background comes from either a π + in the beam scattering into the detector or from charge exchange. The scattered pions are rejected by good particle identification in the beam, including reconstruction of both the kaon and the pion in the target, and by requiring that the 'kaon' decay at rest in the target, (i.e. a 'delayed coincidence' requiring that the π + track occur later than the incident K + track). The charge exchange background, • The incident kaon flux was increased and the K/π ratio was increased from 1:3 −→ 3:1.
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• The drift chamber was rebuilt. The new Ultra Thin Chamber 82 (UTC) has ×2 better momentum resolution ∼1% and ×2 better z-resolution. The z is measured from the charge distribution on helical cathode strips. The total amount of material in the active momentum measuring section of chamber is 2 × 10 −3 X • .
• The Pb-scintillator endcaps (EC) were replaced. The new undoped CsI endcaps [83] [84] [85] are fully active (less sensitive to inefficiencies due to photonuclear interactions) and have substantially more light output. The timing resolution is ×2-3 better than with the old endcaps. This is critical in the EC, which has the highest rates in the detector.
• Transient digitizers made from GAs CCD's were installed to provide improved timing and multiple pulse finding capability (particularly to find pions on the tails of kaons in the target). The CCD's 86 have 8 bit resolution with 500 MHz sampling. These have been used to instrument the target, endcaps and beam elements.
• Very low mass Range Stack Straw Chambers (RSSC) were installed. These have better z-resolution than the previous proportional counters, and even more important have significantly less dead material.
• The range stack (RS) scintillators were demultiplexed. Previously several counters were multiplexed into one PMT. Now each counter (21 layers × 24 sectors) is read out on both ends by PMT's. This provides more light and finer resolution for dE/dx measurements.
• A new target with ×4 more light and significantly less dead material was built.
• Weak regions in the photon veto system were filled by moving the EC's closer to the target and by adding new systems at smaller angles (the collar, micro-collar and lead-glass (PbG) detectors).
• A new trigger/DAQ system was built. which is dominated by the readout of the front end modules into the SSP's, is ∼20%.
• New beam elements were built to further aid identification of scattered beam pions. A new Cherenkov counter has larger acceptance for all beam particles.
A second beam chamber was added and a PbG counter was installed for additional photon veto coverage in the beam direction and for beam pion
identification.
An engineering run in 1994 produced the first physics result: the first observation of the Structure Dependent (SD + ) component of the radiative decay
The K + → µ + ν µ γ decay is dominated by Inner Bremsstrahlung (IB), which has been well measured; 93 however, the structure dependent component had not previously been seen. Two days of data taking with a special trigger, selecting a high energy muon accompanied by a high energy photon, yielded a total of ∼2700 K µ2γ events with a background of 100 events (K µ3 and K π2 with a missing photon and K µ2 with an accidental photon). Of the 2700 K µ2γ events a clear signal of about 900 events from the SD + component is seen in figure 7 . From a more sophisticated analysis, fitting E µ + and E γ to IB, SD ± and the interference terms, the branching ratio for the SD + decay is: 
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The first results from the search for K + → π + νν with the upgraded detector have recently been published for the 1995 data set. 97 The range and energy of event candidates passing all other cuts is shown in figure 8 . figure 9 . There is a clean π + → µ + decay at 27.0 ns, as can be seen in the upper insert in figure 9 ; there is also a clean µ + → e + decay at 3201.1 ns. The K + decay occurred at 23.9 ns.
There is no significant activity anywhere else in the detector at the time of the K + decay. The branching ratio for K + → π + νν implied by the observation of this 
E865
The E865 experiment has been substantially upgraded from the previous experiments (E777/E851). The primary goal is a search for the 'forbidden' lepton flavor violating decay A drawing of the experimental apparatus is shown in figure 10 . Good par- A number of upgrades to the E777 experiment include:
• A substantially improved beamline compared to the one used for E777. With ×5 more K + , the detector rates are held constant due to improved optics and collimation.
• The spectrometer acceptance is increased by ×3 by increasing the detector sizes.
• A 2 nd muon arm was added for increased acceptance.
• An additional Y-view was installed in each chamber for more efficient online and offline event reconstruction.
• Graphite coated Mylar HV foils were used to reduce multiple scattering. For the primary mode, the lepton flavor violating K + → π + µ + e − decay, a preliminary analysis of the 1995 data shows no K + → π + µ + e − events (see figure 11 ).
The plot shows the reconstructed mass M πµe vs the separation of the three tracks at the vertex. No events are seen in the box at M K and small vertex separation. E865 has a small data sample for K + → π + µ + e − from 1995 and a much larger sample from 1996 (∼ ×4). The expected single event sensitivity from the combined 1995-96 data set is ∼ 1.6 × 10 −11 The data set should be increased by another factor of 3 in the 1998-99 run. figure 12 .
The first plot in figure 12 shows the reconstructed 'kaon' mass, M πee vs. the di- Finally, by tagging π
be studied. From the combined 1995-96 data set, a preliminary analysis of π • → e + e − is shown in figure 15 . This decay has had a controversial history,
with early experiments measuring a branching ratio much larger than expected in the SM. 98, 99 The most recent measurement from E851 is consistent with SM predictions B(π
. It was based on ∼21 events. From the plot in figure 15 , it is apparent that E865 has significantly more events.
E871
The goal of the E871 experiment is to push the sensitivity for the lepton flavor violating decay K attain this extraordinarily high sensitivity; the very high intensity neutral beam is stopped in a tungsten beam plug in the middle of the first spectrometer magnet.
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This allows the downstream detectors to operate at relatively low rates. A layout of the E871 detector is shown in Figure 16 . The neutral kaon beam is produced at 
AGS-2000
The AGS will become the injector for RHIC (Relativistic Heavy Ion Collider) beginning in 1999. The AGS will be needed for injection up to twice a day for ∼2 hours; the remaining 20 hours will be available for running fixed target experiments with either heavy ions or protons. The AGS will remain the most intense source of protons with energy above the kaon production threshold. In particular the AGS will remain the most intense source of low energy kaons. The marginal cost for the extra running time will be substantially less than the current cost of the program. Several kaon decay experiments are being considered or are already proposed for running in the AGS-2000 era.
K
E787 has seen one event with B( 
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The decay K
• L → π • νν, the so called 'Golden Mode', is a purely CP-violating decay that is entirely dominated by short distance physics involving the top quark. As in K + → π + νν the hadronic matrix element can be derived from
Due to the small size of the imaginary part of the CKM matrix elements, the charm quark contribution is negligible. The remaining theoretical uncertainty is even smaller than that for the charged mode, [O(1%)]. 23 The branching ratio is given by
The experimental challenges are formidable, not only because of the small expected branching ratio. The experimental signature is even weaker than in the charged mode. The To maximize the K L momentum resolution and to reduce backgrounds from neutron interactions the experiment will run at a large production angle (∼ 45 
Measurements of the
• νν branching ratio may provide the most precise determination of the CKM parameters ρ and η. In any event, a determination of these parameters in the kaon system will make for a valuable
comparison with values obtained for the B system from the B-factories. proposed extensions to the SM designed to explain the baryon asymmetry in the universe also predict transverse muon polarization.
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The earlier experiment collected 2.1 × The same apparatus will be used to measure the T-violating polarization in K + → µ + ν µ γ events. Such a measurement is sensitive to non-standard pseudoscalar as well as vector interactions and is therefore complimentary to the measurement in K + → π • µ + ν µ decays. 107 Studies are in progress to ascertain if a sensitivity of 0.001 can be achieved, at which point final state interactions may produce a non T-violating polarization out of the decay plane. 
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Conclusions
The AGS kaon program has long and rich history. The most rare particle decay yet has been observed in K + → π + νν. The most sensitive kaon decay search comes from K should also be forthcoming.
